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ABSTRACT 

Since the passage of the Magnuson Fisheries Conservation Act of 1976, 
which establishes a 370 km (200 nmi) fishery zone, f isheries  sc i en t i s t s  
have argued the extent of sablefish (Anoplopoma f i m b r i a )  movement in 
the Gulf of Alaska. U.S. and Canadian sc ien t i s t s  have claimed sablefish 
to  be non-migratory, while Japanese studies indicate extensive geographical 
i ntermi ngl i n g .  

This report describes an analysis of Gulf-wide sablefish tagging data that  
indicates t h a t  sablefish do move extensively t h r o u g h o u t  the Gulf of Alaska. 
Fish under 60 cm tend to move westward while f i sh  60 cm or greater tend to  
migrate eastward. Over 50% of the f ish were recovered over 185 km (100 nmi ) 
from the i r  release s i t e ,  and the average distance traveled for a l l  f i s h ,  
was 565 km (305 nmi) per year. Over 46% crossed a t  leas t  one of the estab- 
1 i shed International North Pacific Fisheries Commission (INPFC) regulatory 
boundaries before recovery. 

A conceptual model i s  presented tha t  suggests that  Southeastern Alaska and 
British Columbia i s  a pooling area for  large f i sh  and that  much of the spawn- 
ing occurs in that  region. Small f i sh  rear in the shallow nearshore areas 
and then enter deep water in the i r  third or fourth year. From there a signi- 
f icant  portion of the f i sh  migrate to  open ocean and move westward until they 
reach maturity. A large portion of the mature f i sh  then migrate back into 
the Eastern Gulf to  spawn. 

The report recommends managing sablefish as a single stock Gulf-wide and 
suggests a conservative management approach t o  speed rebuilding of the 
depleted spawning population in the Southeastern area. 



INTRODUCTION 

Since the passage of the  Magnuson Fisheries Conservation Management Act 
(MFCMA) in  1976 which es tab l i shes  a 370 km (200 nmi ) f i shery  zone, f i sh -  
e r i e s  s c i e n t i s t s  have debated whether sablef ish  (Anoplopoma fimbria) i n  
the Gulf of Alaska should be managed as  a s ing le  stock o r  as  d i s c r e t e  
stocks managed by smaller geographic areas.  Sablefish a r e  presently man- 
aged by regulatory areas composed of the di s c r e t e  un i t s  previously desig- 
nated as  International  North Paci f ic  Fisheries Commi ss i  on (INPFC) s t a t i s t i c a l  
areas (Figure 1 ) .  

Low e t  a l .  (1976) reported t ha t  while "There i s  some evidence t h a t  sablef ish  
stocks from California t o  the Bering Sea may be in te r re la ted  ... the i n t e r -  
change of sab le f i sh  is  slow and the majority of these f i s h  a r e  apparently 
localized and do not migrate over great  d is tances ."  The repor t  s t a ted  t ha t  
l e s s  than 1% of the  f i s h  migrated across more than two INPFC areas and more 
than 50% were recovered w i t h i n  t h e i r  INPFC area of tagging. Wespestad e t  a l .  
(1978) analyzed tag  re turns  f o r  the  years 1971-1976, including 372 from the 
Eastern Gulf of Alaska. The authors concluded t ha t  sab le f i sh  a r e  "bas ical ly  
sedentary with most observed movements shor t  range and random." They s ta ted  
t ha t  f o r  management purposes sablef ish  can be divided i n to  stock groupings, 
and t ha t  INPFC areas may be su i t ab le  f o r  management uni ts .  Beamish e t  a l .  
(1980) reported on recoveries from re leases  of 37,296 adul t  and 25,497 juve- 
n i l e  sab le f i sh  released in Canadian waters from 1977-1979. The authors con- 
cluded t h a t ,  based on recoveries from t h e i r  s tud ies ,  "there i s  no evidence 
t h a t  blackcod undergo extensive short-term movements. " Wespestad (1 981 ) 
reported t ha t  of 969 recoveries of f i s h  tagged through 1980, 65% were recov- 
ered within 100 km (185 nmi) of the  re lease  s i t e ,  24% within 100-500 km (54- 
270 nmi), and only 11% beyond 500 km (278 nmi ) from the  re lease  s i t e .  He 
reported a s l i g h t  corre la t ion between distance t raveled and days a t  large 
and no corre la t ion between season released o r  size-at-tagging and distance 
traveled.  As a r e s u l t  of  the  analys is ,  i t  was concluded t h a t  sablef ish  a r e  
primarily non-migratory and most movement i s  l imited t o  r e l a t i ve ly  shor t  d is-  
tances. I t  was fu r the r  concluded t h a t  long dis tance  movement was r e s t r i c t ed  
t o  a small portion of the population and migration has l i t t l e  e f f e c t  on 
abundance. Therefore, according t o  the  repor t ,  the sablef  i sh  population can 
be subdivided i n to  d i s c r e t e  management uni ts .  

While a l l  of the  above mentioned repor ts  recognize the occurrence of long 
distance migrations,  none indicate  any pat tern  t o  movement and, in f a c t ,  
r e f e r  t o  sablef ish  as  primarily non-migratory. In con t ras t ,  Sasaki (1 979 
and 1980) s t a t ed  t ha t  53% of recoveries from f i s h  tagged throughout the  Gulf 
of Alaska in 1978 were recovered in a d i f f e r en t  INPFC area w i t h i n  2 years of 
re lease .  As a r e s u l t ,  he concluded t ha t  a considerable geographic mixing 
occurs over a broad range in a shor t  time span. In his  1979 repor t  he con- 
cluded t h a t ,  based on Gulf-wide recoveries,  the stock " i s  considerably mixed 
and there  e x i s t s  no s u f f i c i e n t  grounds fo r  assuming t ha t  grouping i n to  cer- 
t a i n  independent stocks occurs. Thus, i t  seems reasonable t o  consider the 
whole stock as one uni t  .... f o r  management." 
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Figure  1 .  I n t e r n a t i o n a l  North P a c i f i c  F i s h e r i e s  Commission (INPFC) a r e a s  
i n  t h e  Gulf o f  Alaska modif ied from Skud (1977) .  



Bracken (1981) analyzed tag  returns from Alaska Department of Fish and Game 
( A D F & G )  tagging s tudies  near Ketchikan i n  southern Southeastern Alaska and 
found evidence of a d i rect ional  movement by s i z e  once the f i s h  reached the 
open waters of the North Pacif ic Ocean. I t  was found t h a t  smaller f i s h  
tend t o  move north and westward a f t e r  leaving Dixon Entrance, while l a rger  
f i s h  moved southeastward i n to  Bri t i sh  Columbia waters. Smaller f i s h  a l so  
tended t o  move f a r t he r  from the  re lease  s i t e .  

Based on f indings of the  ADF&G tagging study,  I decided t o  analyze additonal 
tagging data from the Gulf of Alaska t o  determine i f  d i rec t ional  movement by 
s i z e  occurred i n  o ther  areas as well .  To accomplish t h i s ,  I reviewed Japan- 
ese tag  return data s e t s  from 1973 through August of 1981 and re turns  from 
NMFS tagging in  Southeastern Alaska from 1971-1981. The r e su l t s  of the  
analys is  a r e  presented in this repor t .  The repor t  a l so  presents a conceptual 
model f o r  Gulf-wide sablef ish  migration based on r e su l t s  of the analys is .  

METHODS 

Japanese technical data repor ts  on recovery of tagged groundfish were used 
f o r  the analys is  as  they presented the  most comprehensive tagging s tudies  
throughout the Gulf of Alaska. Two repor ts  were analyzed. One included 
re turns  from 1973 through August 1979 and the other included re turns  from 
August 1979 through August 1981. Both include a l l  reported re turns  of Japan- 
ese  tags and the  re turns  of other nat ions '  tags by Japanese vessels .  

The report  data was sorted by length frequency. Distance and di rect ion of 
t ravel  were calculated using the coordinates given and measuring around the 
Gulf on approximately the 500 m isobath. Only recoveries which included both 
re lease  and recapture coordinates,  re lease  and recapture da tes ,  and re lease  
length were used. All data from f i s h  tagged outside of the Gulf of Alaska 
was discarded. A t o t a l  of 213 recoveries had a l l  the  information necessary 
t o  use in the analys is .  

The tag  return data was summarized (Appendix Table 1 )  by 5 cm length frequency 
group t o  show: (1 ) average days a t  large;  ( 2 )  average kilometers t raveled,  
both t o t a l  and adjusted,  f o r  year a t  large;  (3 )  percent and number of recov- 
e r i e s  over 185 km (100 nmi) from the re lease  s i t e ;  ( 4 )  percent and number of 
recoveries t h a t  crossed one o r  more INPFC boundaries from the  re lease  area;  
and ( 5 )  the  percent of the  length frequency group t h a t  t raveled a predominant 
d i rect ion over 185 km from the re lease  s i t e .  I t  should be noted t h a t  because 
the Gulf of Alaska i s  semi-circular in shape, use of d i rec t ions  other than 
e a s t  (clockwise) and west (counter-clockwise) would be confusing even though 
they occur. For example, movement from the Shumagin INPFC area t o  Kodiak i s  
N . E . ,  and movement from Yakutat t o  the  Charlotte area i s  S.E., while both 
represent  eastward movement (Figure 1 ) .  The data s e t s  were fu r the r  analyzed 
t o  determine the  s t a t i s t i c a l  va l i d i t y  of the  hypotheses t h a t :  ( 1 )  d i rect ion 
of migration i s  re la ted  t o  s i z e  of f i s h  a t  r e lease ,  and ( 2 )  the  l ikelihood 
of recovery in  a given INPFC area i s  dependent on the s i z e  of f i s h  a t  re lease .  

While not analyzed in such d e t a i l ,  another data s e t  was examined f o r  compari- 
son. A t o t a l  of 551 National Marine Fisheries Service (NMFS) tag  re turns  



from tagging s tud ies  conducted in  Southeastern Alaska were analyzed. Fish 
recaptured l e s s  than 1,000 days from the date of re lease  (Appendix Table 2)  
were analyzed separately from f i s h  a t  large  f o r  1,000 days o r  more (Appendix 
Table 3 ) .  This was done because i t  was apparent from the raw data t h a t  f i s h  
recaptured a f t e r  over 1,000 days a t  large  behaved d i f f e r en t l y  than f i s h  re- 
captured within 1,000 days a t  large.  I t  should be noted t h a t  distance traveled 
f o r  the NMFS data s e t  was computed by NMFS on s t r a i gh t  l i n e  t ravel  ra ther  than 
measured along the most probable route of movement as  was done f o r  the  Japan- 
ese  tag recoveries. Because of th is ,  average distance traveled i s  expected 
t o  be somewhat l e s s  than computed f o r  the Japanese data s e t s .  

Returns were not adjusted f o r  the probabi l i ty  of a recaptured tag  being 
returned s ince ,  with the exception of the  Charlotte and Vancouver INPFC areas ,  
re turn  r a t e  i s  assumed t o  be f a i r l y  uniform throughout the Gulf of Alaska. 
Sasaki (1980) repor ts  t h a t  the return r a t e  of Japanese tags by Japanese f i sh -  
ermen i s  estimated t o  be near 30% of those recaptured. This i s  c lose  t o  the  
estimated return r a t e  of Japanese tags by U.S. fishermen f ishing in the  South- 
eastern INPFC area.  Although the re turn  r a t e  of a l l  tags i n  Br i t i sh  Columbia 
waters i s  estimated t o  be higher, reduction of recoveries from the  Charlotte 
and Vancouver areas does not a l t e r  the  r e s u l t s  of the analys is .  

RESULTS 

This study indicates  d i rect ional  migration of sablef ish  throughout the  Gulf 
of Alaska. The majority of tagged f i s h  released from both the  ADF&G and 
Japanese tagging which were recovered over 185 km (100 nrni ) a t  l e s s  than 60 
cm fork length moved westward and f i s h  60 cm or longer moved eastward, with 
the  tendency f o r  d i rect ion of movement d i r ec t l y  proportional t o  re lease  1 ength 
(Figures 2 and 3 ) .  A chi-square t e s t  of independence of length and di rect ion 
of movement was very highly s i gn i f i c an t  ( P  < 0.005). 

Japanese Data 

The average distance traveled f o r  a l l  recovered f i s h  from the Gulf of Alaska 
tagging was 678 km (366 nmi ) from the  re lease  s i t e .  Figure 4 demonstrates 
the distance traveled adjusted f o r  1 year a t  large t o  show the extent  of shor t  
term movement. The 70-74 cm length group moved the f a r t he s t  864 km (466 nmi ) 
and the  55-59 cm group moved the l e a s t  232 km (125 nmi). 

The percent of a l l  recoveries which were made over 185 km (100 nn l i )  from the  
re lease  s i t e  by 5 cm length groups a r e  shown in Figure 5. The large  f i s h  
traveled fu r the r  than the smaller f i s h  and s l i g h t l y  over 50% of a l l  tagged 
f i s h  recovered traveled over 185 km. Forty-six percent crossed a t  l e a s t  one 
INPFC boundary and, again,  there was a tendency f o r  the  larger  f i s h  t o  travel  
fu r the r  (Figure 6 ) .  I t  was considered appropriate t o  use 185 kilometers o r  
100 nautical miles as an indicator  of s i gn i f i c an t  movement s ince  most f i s h  were 
recovered e i t h e r  over 1,000 km (540 nmi) o r  l e s s  than 100 km (54 nmi) from the 
re lease  s i t e .  Figure 7 shows t ha t  t h i s  trend applies t o  both f i s h  under 60 cm 
and 60 cm o r  g rea te r .  The group of f i s h  under 60 cm had a high percentage of 
the t o t a l  recoveries within 93 km (50 nmi) of the re lease  s i t e ,  while in the 
group of f i s h  60 cm and la rger  nearly one-third were recovered over 927 km 
(500 n m i )  from the re lease  s i t e .  
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10 cm l e n g t h  i n t e r v a l  

F i gu re  2. D i r e c t i o n  o f  movement by 10 cm l e n g t h  group o f  s a b l e f i s h  t h a t  were tagged (A laska Department 
o f  F i s h  and Game i n  t h e  Ketch ikan area of  Southeastern Alaska, 1979-1981) and recovered over  
185 km (100 nmi)  from r e l e a s e  s i t e .  
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Figure 3. Direct ion of movement by 10 cm length group of s a b l e f i s h  t h a t  were tagged i n  t h e  Gulf of Alaska 
and recovered over 185 km (100 nmi ) from r e l e a s e  s i t e  from Japanese d a t a ,  1973-1 981. 
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Figure 4.  Average distance traveled by 5 cm length group of sablefish tagged 
in the Gulf of Alaska standardized t o  one year a t  large. 
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Figure 5.  Percent of each 5 cm length group of s a b l e f i s h  t h a t  were recovered over 185 km (100 nmi ) from 
t h e  r e l e a s e  s i t e  from tagging s t u d i e s  i n  t h e  Gulf of Alaska, 1973-1981. 
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Figure 6. Percent of each 5 cm length group of sablef ish  t ha t  were recovered a t  l e a s t  one INPFC area 
away from the re lease  s i t e  from tagging s tudies  in the Gulf of Alaska, 1973-1981. 
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Figure 7.  Distance traveled from re lease  s i t e  by s i z e  group f o r  sab le f i sh  
tagging in the Gulf of Alaska, 1973-1981. 



To help explain why there i s  a tendency f o r  e i t h e r  very l i t t l e  movement o r  
substant ia l  movement, a t ab le  showing INPFC area of tagging and re lease  by 
length frequency group i s  presented (Table 1 ) .  The table  shows t h a t  more 
of the l a rger  f i s h  a re  recovered in the  Southeastern Alaska and Br i t i sh  
Columbia (Charlotte and Vancouver INPFC areas )  region indicat ing t h a t  t h i s  
region i s  a pooling area f o r  larger  f i s h .  S l igh t ly  over 55% of a l l  recovered 
large f i s h  t h a t  were tagged in  the  Aleutian, Shumagin, and Chirikof areas 
were recovered in the Southeastern, Charlotte,  o r  Vancouver areas.  

This trend i s  graphically displayed i n  Figure 8 which shows a descending 
trend of percent recovery of f i s h  over 60 cm in the INPFC area of re lease  
from e a s t  t o  west and a descending trend of percent recovery of f i s h  l e s s  
than 60 cm from west t o  e a s t .  A chi-square t e s t  f o r  independence of s i z e  
a t  tagging and number of recoveries in an INPFC area t h a t  were tagged in t h a t  
INPFC area i s  highly s ign i f i can t  ( P  < 0.005). To conduct the t e s t ,  recover- 
i e s  i n  the Aleutian and Shumagin (Western Gulf) areas were pooled, as were the 
recoveries in  the Chirikof and Kodiak (Central Gulf) a reas ,  because of the 
small sample s i z e  i n  the  Aleutian and Chirikof areas.  

Table 2 shows t h a t  86% of the f i s h  over 60 cm t h a t  were tagged i n  the South- 
eastern INPFC area were recovered i n  t h a t  area compared t o  55% of the f i s h  
under 60 cm. In the  more western Shumagin INPFC area only 24% of the f i s h  
over 60 cm tha t  were tagged i n  t h a t  area were recovered in t h a t  area compared 
t o  86% of the f i s h  tagged a t  l e s s  than 60 cm. 

Table 2 a l so  shows t h a t  f i s h  over 60 cm tagged i n  the Central and Western 
Gulf have a much greater  probabi l i ty  of being recovered two or  more INPFC 
areas from the area of re lease .  Most f i s h  tagged a t  l e s s  than 60 cm were 
recovered within the same or  within one INPFC area of the area of re lease .  
That seems t o  indicate  t h a t  movement of large  f i s h  eastward i s  more rapid 
and di rected than i s  the westward movement of smaller f i s h .  

NMFS Data 

Although the  NMFS data was not analyzed in such d e t a i l ,  i t  shows s imi lar  
trends.  Fish a t  large l e s s  than 1,000 days (Appendix Table 2 )  and l e s s  than 
60 cm traveled predominantly westward and f i s h  60 cm or greater  traveled pre- 
dominantly eastward. A chi-square t e s t  of the  independence of f i s h  length 
and di rect ion of movement i s  very highly s i gn i f i c an t  ( P  < .005). The small- 
e s t  f i s h  tended t o  be the most migratory. 

Fish recaptured over 1,000 days a f t e r  re lease  behaved d i f fe ren t ly .  In t h i s  
group 94% of a l l  s ign i f i can t  migrations were south o r  eastward, regardless 
of s i z e ,  and 51% crossed a t  l e a s t  one INPFC boundary (Appendix Table 3 ) .  
Only 5 f i s h  were recaptured over 185 km (100 nmi ) westward of the re lease  
s i t e .  The percent of migrations over 185 krn decreased with f i s h  s i z e  as did 
the percent of f i s h  which crossed a t  l e a s t  one INPFC area .  Although the  
sample s i z e  i s  smaller i t  should be noted t ha t  f i s h  over 70 cm showed very 
l i t t l e  movement compared t o  smaller f i s h .  



Table  1 .  INPFC a r e a  o f  r e l e a s e  and r e c a p t u r e  by l e n g t h  group f o r  s a b l e f i s h  t agged  i n  t h e  Gulf o f  Alaska ,  
1973- 1 981 . 

INPFC AREA OF RECOVERY 

Vancouver C h a r l o t t e  Southeast Yakuta t  Kod I ak Ch 1 r I k o f  Shumag l n A l e u t  I an To ta l  s 

AREA OF 
T U G  I NG < 60 60 > < 60 60 > c 60 60 > < 60 60 > c 60 60 > < 60 60 > < 60 60 > < 60 60 > < 60 60 > 

-- c m m  cm cm cm cm CmQn - c m c m  cmcm cmcm cmcm -- cm cm 

Southeast - 2 2 2 6 49 2 1 - 1 1 2 - - - - 1 1  57 

Yakuta t  - 2 4 - 6 3 11 2 3 1 2 - - - - 6 28 

Kod i ak - 3 - 8 - 4 - 2 7 11 1 2 3 - - - 11 30 

C h i r l k o t  - 3 - 5 - 2 - 1 1 1 5 3 2 - - - 8 15 

Shumagl n - 3 - 4 - 8 - 1 - 3 1 3 6 7 - - 7 29 

A l e u t i a n  - - - 1 - 1 - - - - - 1 - - 1 2 1 5 

'Total - 13 2 27 6 70 5 16 10 19 9 13 9 7 1 2 44 164 



SMALL 4 60 
LARGE il 60 cm 

SE YAK KOD CHIR 

INPFC AREA 

Figure 8. Percent of sablefish recovered in the INPFC area of tagging by s ize group from sablefish tagging 
experiments in the Gulf of Alaska, 1973-1981. 



Table 2. Number and percen t  o f  s a b l e f i s h  recap tu red  i n  t h e  same INPFC area, one INPFC area away, and more 
than one INPFC area away f rom the  t agg ing  s i t e .  From Japanese t agg ing  s t u d i e s  i n  t h e  Gulf of 
A1 aska , 1973-1 981. 

F i s h  recovered F i s h  recovered mre than 
INF'FC F i s h  recovered in the one  INPFC area one  INPFC area 
area same INPFC area frm release f r m  release T o t a l  

L6Ocm 6 0 7  cm ( 6 0 m  607 cm 4 6 0 m  607cm (60cm 6 0 7  c m  

No. (%) No. (%) No. (%)  No. (%) No. (%) No. (%) No. (%) No. (%) 

Sou theas t  6 (55)  49(86) 4 (36) 3 ( 5 )  1 ( 9 )  5 (9) 11 (100) 57 (100) 

Yakutat  3 (50) l l ( 3 9 )  2(33)  9 (32) l ( 1 7 )  8 (29) 6 (100) 28 (100) 

Shumagin 6 (86) 7 (24) l ( 1 4 )  3(10)  0 19 (66) 7 (100) 29 (100) 

A l e u t i a n  l ( 1 0 0 )  2 (40) 0 0 0 3 (60) l ( 1 0 0 )  5 (100) 

T o t a l  



DISCUSSION 

This study shows extensive di rect ional  movement of both mature and juvenile 
sablef ish  in the  Gulf of Alaska. Sablefish tagged throughout the Gulf moved 
an average of 565 kin (305 nmi ) in  1 year from the time of re lease .  Over 50% 
were recovered over 185 km (100 nmi ) from the  re lease  s i t e ,  and 46% crossed 
a t  l e a s t  one INPFC boundary. These r e su l t s  lead t o  the conclusion t h a t  sable- 
f i s h  a r e  highly migratory and should be managed as  a s ingle  stock Gulf-wide. 
Of possibly even more importance i s  the f a c t  t h a t  d i s t r ibu t ion  of distance 
traveled i s  bimodal, w i t h  most of the  large  f i s h  t ravel ing e i t h e r  l e s s  than 
100 km (54 nmi ) or  more than 1,000 km (540 nmi ) from the re lease  s i t e .  F u r -  
therniore, extent  of movement i s  dependent on f i s h  s i z e  and the area of tagging. 
Large f i s h  tagged i n  the Southeastern INPFC area had a much higher probabi l i ty  
of being recaptured in t h a t  area than did the  small f i sh .  That trend was 
reversed in the Western Gulf. The Central Gulf areas retained a s l i g h t l y  
higher percentage of small f i s h  than large  f i s h ,  but the di f ference was not 
nearly so pronounced. 

These r e su l t s  suggest a directed migration between the  Eastern Gulf and the 
Western Gulf ra the r  than a random d i s t r ibu t ion  of f i s h  throughout the  Gulf. 
Of the recovered f i s h  analyzed i n  t h i s  study,  more large f i s h  were recovered 
i n  the Eastern Gulf than were tagged in t h a t  a rea ,  while in  the Western Gulf 
more small f i s h  were recovered than were tagged. Pooling of large f i s h  in 
the Vancouver, Charlotte,  and Southeastern INPFC areas i s  evident i n  Table 1.  
Over 55% of the  recovered f i s h  60 cm or  l a rger  tagged in the Aleutian, Shuma- 
gin ,  o r  Chirikof INPFC areas were recovered in the Southeastern, Charlotte,  
o r  Vancouver INPFC areas.  The contention t ha t  the Eastern Gulf i s  a major 
spawning ground i s  supported by the  l i t e r a t u r e .  Sasaki (1979) s t a t e s ,  "This 
area i s  a very important f i shing ground with the highest productivi ty within 
the  northeastern Paci f ic . .  . ". Balsi ger (1 981 ) presents a t ab le  showing t h a t  
f i s h  in the  Yakutat and Southeastern INPFC areas averaged 2 cm longer than in 
the Shumagin area and a t  l e a s t  3 cm longer than i n  the Kodiak and Chirikof 
areas between 1969 and 1978. 

This may a l so  explain why pr io r  analys is  of NMFS and Canadian tagging experiments 
on mature f i s h  in the Eastern Gulf f a i l ed  t o  demonstrate extensive movement. 
Appendix Tables 2 and 3 ,  which present the analys is  of NMFS tag re tu rns ,  show 
tha t  while the migration r a t e  i s  subs tan t ia l ly  l e s s  f o r  f i s h  tagged i n  the 
Southeastern a rea ,  d i rect ional  movement by s i z e  group is s t i l l  evident;  an 
average of 20% of the  f i s h  recaptured within 1,000 days of re lease  crossed 
a t  l e a s t  one INPFC boundary i n  a l i t t l e  over 1 year.  That i s  a much higher 
exchange r a t e  between the  INPFC areas than f o r  hal ibut ,  which a r e  considered 
t o  be highly migratory. Movement of juvenile hal ibut  from the Western and 
Central Gulf i n to  the Eastern Gulf over a 13-year period averaged only 2.1% 
per year (Skud 1977). 

Results of the  NMFS data analys is  complement and support the analysis  of the 
Japanese data.  The l e s s e r  movement of large  f i s h  supports the concept of 
the Eastern Gulf as a pooling area f o r  large  f i sh .  The f a c t  t h a t  f i s h  a t  
large over 1,000 days tend t o  move eastward regardless of s i z e  while small 
f i s h  recaptured a f t e r  l e s s  than 1,000 days a t  large move westward suggests 
t ha t  the d i rec t ion  of migration reverses a t  some intermediate s i z e .  The d i r -  
ect ion of migration i s  assumed t o  be a function of maturity ra the r  than s i z e  
and thus would be expected t o  vary by sex. 



A CONCEPTUAL MODEL OF SABLEFISH MOVEMENT 

Data presented in  t h i s  paper suggests a directed ra ther  than random pattern 
of sablef ish  migration. With t ha t  assumption in mind, I wil l  present a 
theoret ical  model t o ,  perhaps, explain movement of sablef ish  throughout 
the  Gulf of Alaska. 

Evidence indicates  t ha t  the Eastern Gulf of Alaska including the Charlotte,  
Southeastern, and a t  l e a s t  par t  of the Yakutat INPFC areas ,  contains the 
major spawning grounds fo r  the Gulf-wide sablef ish  population. Specific 
areas of spawning a r e .  probably s i tua ted  such t ha t  eggs and larvae d r i f t  
north and eastward toward shore with the  prevailing currents.  Passive cur- 
ren t  d r i f t  of eggs and larvae,  and the location of spawning grounds to  favor 
appropriate d r i f t  of eggs and larvae in to  productive rear ing areas ,  has been 
demonstrated fo r  several other species including ha1 ibu t  (Skud 1977). 

Juvenile sablef ish  rear  i n  the  shallow, nearshore bays, and coastal  f jo rds  
unti l  t h e i r  t h i r d  o r  fourth year ,  a t  which time they a r e  45-50 cm i n  length 
(Bracken 1981) and then move into  adjacent deep water areas.  As a r e su l t  of 
competition or  some other mechanism, a s ign i f ican t  portion of the young f i sh  
then migrate to  the open ocean. Often t ha t  migration i s  against  the prevail-  
ing current .  Once the juvenile f i s h  reach the open ocean they move westward, 
w i t h  the  smaller length frequency groups t ravel ing the f a r t he s t .  Whether 
t ha t  movement i s  directed or  a r e s u l t  of movement w i t h  current  flow i s  n o t  
known. Current flow along the  shelf  i s  as f a s t  as  10 knots o r  5.14 m/s 
(Skud 1977), which could r e su l t  in extensive non-di rected movement. The 
f a c t  t h a t  most small f i s h  were recovered w i t h i n  one INPFC area of the  re lease  
s i t e  (Table 2 )  indicates a progressive movement over time ra ther  than a rapid 
directed migration to  the Western Gulf. 

Length and age a t  maturity by sex from NMFS and ADF&G sampling i s  presented 
in Table 3. The length when 90% of the f i s h  a re  expected to  be mature 
corresponds very closely to the  length a t  which the predominant d i rect ion 
of movement s h i f t s  from westward t o  eastward (60 cm). Eastward migration 
as a function of maturity could explain why a gradual s h i f t  of d i rect ion of 
movement i s  evident f o r  f i sh  between 50 and 80 cm i n  the Japanese, ADF&G,  
and NMFS tags recovered w i t h i n  1,000 days a f t e r  re lease .  Because of the  
extent  of counter-current movement observed f o r  larger  f i s h ,  i t  appears t ha t  
eastward movement can be considered t r ue  migration ra ther  than compensatory 
emigration. The data indicates t h a t  when maturity i s  reached the f i s h  move 
d i r ec t l y  back t o  the  Eastern Gulf f o r  spawning where the  cycle repeats i t s e l f .  
Since f i s h  with r ipe  ova have been reported throughout the Gulf (Low 1976) 
there may be migratory and  non-migratory components t o  the Gulf-wide stock. 

CONCLUSIONS 

A1 though the  conceptual model f o r  Gul f-wide movement i s  speculative,  the  
extent  of geographic intermixing i s  not. Based on the  r e su l t s  of t h i s  analysis ,  



Table 3 .  Age and length a t  maturity f o r  male and female sablef ish  in the 
Gulf of Alaska. 

50% Maturity 90% Maturity 100% Maturity 

Sex Age Length (cm) Age Length (cm) Age Length (cm) 

Femal es 7 5 8 9 66 11-12 7 2 



t he  ADF&G tagg ing  s tud ies  and i n d i c a t i o n s  from e a r l i e r  s tud ies  on s a b l e f i s h ,  
there  i s  subs tan t i a l  evidence suggest ing t h a t  t h e  Gu l f  o f  Alaska s a b l e f i s h  
should be considered a  s i n g l e  s tock f o r  f i s h e r i e s  management. Thus, i f  one 
component o f  t h e  s tock  shows s igns o f  d i s t r e s s ,  i . e . ,  t h e  reduc t i on  i n  a v a i l -  
a b i l i t y  o f  spawning f i s h  i n  t he  Southeastern INPFC area (Zenger 1981) i t  i s  
an i n d i c a t i o n  o f  t he  need f o r  conservat ive management Gulf-wide u n t i l  t h e  
spawning popu la t i on  rebu i  1  ds t o  h i s t o r i c  1  eve1 s. 

Extensive f i s h i n g  i n  t he  Char lo t t e  and Vancouver INPFC areas du r i ng  t h e  pas t  
2 years r e s u l t s  i n  catches i n  excess o f  3,500 m t  annua l ly  (personal cummica- 
t i o n ,  A1 Cass, Canadian Department o f  F i she r i es  and Oceans, Nanaimo). Con- 
t i nued  f i s h i n g  on spawning stocks i n  those areas, coupled w i t h  cont inued h igh  
harves t  l e v e l s  on matur ing f i s h  i n  t h e  Centra l  and Western Gu l f ,  w i l l  undoubt- 
e d l y  slow the  r e b u i l d i n g  r a t e  i n  t h e  Southeastern area. 

The increase i n  abundance o f  smal l  f i s h  du r i ng  t h e  pas t  3 years i n  many areas 
o f  t h e  Gulf (Sasaki 1981 ; Zenger 1981 ) i s  encouraging and an i n d i c a t i o n  t h a t  
stocks are  beginning t o  r e b u i l d  a f t e r  ex tens ive  o v e r e x p l o i t a t i o n  du r i ng  the  
l a t e  1960's t o  mid-1970's. However, u n t i l  t h e  spawning popu la t i on  i n  t h e  
Eastern G u l f  shows d e f i n i t e  s igns o f  rebu i  l d i n g ,  t he  Gulf-wide harves t  should 
be reduced t o  promote r e b u i l d i n g  as q u i c k l y  as poss ib le .  

I recommend t h a t  ana l ys i s  o f  a l l  f u t u r e  recover ies  i nc lude  a  s tudy o f  d i r e c -  
t i o n a l  t r a v e l  by f i s h  s i z e  and t ime a t  la rge .  Also, an ana l ys i s  o f  movement 
by sex should be considered. S p e c i f i c  tagg ing  s tud ies  may be needed t o  f i l l  
the  e x i s t i n g  data gaps. 
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APPENDICES 



Appendix Table 1 .  Summary of  Japanese recover ies  of s a b l e f i s h  tagged i n  t h e  Gulf of Alaska, 1973-1981. 

Migrations Migrations Direct ion of 
Average km over 185 km over a t  l e a s t  one movement 

Re1 ease No. i n  Average days t r ave led  (1 00 nmi ) INPFC boundary over 185 km 
length (cm) group a t  l a rge  Total Per year  % No. % No. % Direct ion 

Total 21 3 438 678 565 50 107 4 6 98 - - 



Appendix Table 2.  Summary of recoveries within 1,000 days of re lease  from National Marine Fisheries Service 
(NMFS) sablef ish  tagging s tudies  in Southeastern Alaska, 1971-1 981. 

Migrations Migrations Direction of 
Average km over 185 km over a t  l e a s t  one movement 

Release No. i n  Average days traveled INPFC boundary over 185 km 
length (cm) group a t  large  Total Per year % No. % Direction 

80 - 84 7 232 293 461 2 9 2 2 9 2 50 E-W S p l i t  

Total 406 385 189 180 2 5 101 20 82 - - 



Appendix Table 3. Summary o f  r ecove r i es  o f  f i s h  a t  l a r g e  over  1,000 days f rom Na t i ona l  Marine F i s h e r i e s  
Serv ice  (NMFS) s a b l e f i s h  t agg ing  s tud ies  i n  Southeastern Alaska, 1971 -1 981 . 

M ig ra t i ons  M i  g r a t i o n s  D i r e c t i o n  
Average km over  185 km over  a t  l e a s t  one movement 

Re1 ease No. i n  Average days t r a v e l e d  (100 nmi ) INPFC boundary over  185 km 
l e n g t h  (cm) group a t  l a r g e  To ta l  Per yea r  % No. % No. % D i r e c t i o n  
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